US008581222B2

12 United States Patent (10) Patent No.: US 8.581.222 B2

Yoo et al. 45) Date of Patent: Nov. 12, 2013
(54) PHASE CHANGE MEMORY DEVICE (52) U.S. CL
COMPRISING BISMUTH-TELLURIUM USPC ................ 257/3; 2577/E21.004; 257/E45.001;
NANOWIRES 365/163; 365/148; 977/762
(38) Field of Classification Search
(75) Inventors: Kyung Hwa Yoo, Seoul (KR); Nal Ae USPC ............... 257/3, E21.004, E45.001; 365/163,
Han, Busan (KR); Sung In Kim, Seoul 365/148; 977/762
(KR); Jeong Do Yang, Seoul (KR) See application file for complete search history.
(73) Assignee: Industry-Academic Cooperation (56) References Cited
Foundation, Yonsei University, Seoul US. PATENT DOCUMENTS
(KR)
7,098,393 B2* 8/2006 Fl_euriz_il etal. ................ 136/240
(*) Notice: Subject to any disclaimer, the term of this 2007/0221906 A1*  9/2007 Hidekietal. ... 257/2
patent 1s extended or adjusted under 35 * cited by examiner

U.S.C. 134(b) by 250 days.
Primary Examiner — Long Pham

(21) Appl. No.: 13/011,616 (74) Attorney, Agent, or Firm— McKenna Long &
Aldnidge, LLP
(22) Filed: Jan. 21, 2011 (57) ABSTRACT
(65) Prior Publication Data The present invention relates to a phase change memory
device comprising bismuth-tellurium nanowires. More spe-
US 2012/0039116 Al Feb. 16,2012 cifically, the bismuth-tellurium nanowires having PRAM

characteristics may be prepared by using a porous nano tems-

(30) Foreign Application Priority Data plate without any high temperature process and said nanow-
ires may be used 1n the phase change memory device by using
Aug. 16,2010 (KR) ..o, 10-2010-0078800 their phase change characteristics to identify memory char-
(51) Int.CI acteristics.
HOIL 47/00 (2006.01) 18 Claims, 13 Drawing Sheets

Characteristics i pulses applied for forming a crystalline phase _aru:l]
Anamorphous ‘conditlon in & phase change: memary

_________________________________ (} e, Pi-electrods
. . i!. ) o ' . . - "l: . .. L N - .
annealing-like process. : Aluming  sdimmons
.-.--,--.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-I‘ ._l. e .L__ | :‘ . . - - -
L Lo A
': e i T ':
1= 2 I
1@ S O o, B
b . . . ] -
RS SR
F o P
P2 o A
L L s
k] i . — |
..-—l m. ; _I -'J-:' ::
I-"r

.............
##########################################################################

e e AR A * Bi-Te nanowire
;EHJEEG_H_ G}{l_dﬁf’.ﬁ['[mgn 1= 12 IRl E

~erystalling phase amarphous. phase

{high r-r;['lﬂt_:tan[_:_ﬂfﬁl.mw resistance) _(-I;f:aw-_[Ef.l,e_r:i;anf;ef hi,ﬂ;h I’;Eﬂistﬂﬂ_ﬂﬁ;?-

-



U.S. Patent Nov. 12, 2013 Sheet 1 of 13 US 8,581,222 B2

FIG. 1

f“‘harar:tansnr:ﬁ of nulses a;::phﬁ:d iu:ur ff:lrrmrg a r:ry'stalhnﬁ DhEEE and
an ammphﬂu ‘condition tn a phase change memmy

. _._.:-rr._*._*-.r._*.r.f..r.f-.r.f..r.f..r._*..r.f..r.f-.r._*..r._*._*-f.._*-_*-.r-_*-_*.f._*._*..r.f.._*.f.r._*.r.f.r.f.r.f.r.f.r.f._*._*.r._*._*.f.r._*..r._*.r.f.r.f.f.f._-. ....... B X N X X X N N N N N N N N N bl ok P
: e,
"..'f_'_. ..::. .
-
I‘il £ |
' .
"y o]
L .
~ta Y
e o
o =
. . _ _ o =
| - * X
p L—I v L e :"‘_ .,
. B ] » ¥
: ) : :': i e e u
L] L
] = - i'i‘
AR - |
N .
L3
e i, A :
] LI g
i e =
. Sl . - - - ..
P O . WY .
. T - -
- e 3
: ¥ vl iy
¥ :_.1 . "ot )
] - — . P 3
Y -, - .". - )
W u Ce "1' . .
) P Lo i'q- .
. . . -.' .:* -- - )
¥ C ——— Ol -
; - X - ——
. . - .
g b e
] ; . Il't - +—-]
L] 'll:. T- . e . )
5 B e
L T T o
r -. . - * .
- »
] FEE— [t
. - - - - o —— ——
r R T ot : ]
; ' - ﬂ:l - e
r A l't .
it .
.:¢
! -
e -:lr
i &
. '
2 n
. ok o
s, e e e e s e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e g “
tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt My

----------------------------------------------------------------------

- crystalline DHESE amorphous phase
Ehlgh reflectanceslow resmtanrzal Ur:nw rﬁf\ELtanEthIGh [ES anr:E}




US 8,581,222 B2

s
i S
. -,

X
-'.‘-I
",
'

oy i D

Y

MO W W W W W M W M
b
..*I-...'."' R

i)

e
i
K

Y

el i i i i i i i el
Faa !. > 1.-. g .'. o ’.1-:‘.1-:’.1-:'.1-:!.1-:!.1-:!' N R R M R N RN

»

e "...""""".". i R ” :
R Wy

o e ae aaa

ILAL AL AL AL AL AL AL AL AL LU AL AL AL AL AL AL AL LA AL AL

Sheet 2 of 13

FIG. 2

oy i i)
e

Y
k]

2
b

i

a8 8 B _E_ B _% ° °
-

R N W )

':-!'.1-:'-'!:-1-:-1-:-1-:-!'.1-!':-:'.1-!':-!'.14'.'-1-:-1-:-1-1-

2
]

i)
ol

Y

MM M M M M M M M W M M W MW M W MW M W M M W MW M W
[ el e e Tl o o e e e e il T T T R T R
]

“._-...-_““._-_ ._-. ._-_._-. ._-...-_._-_._-.

n.!-f.,._-num-u"--"m" ot ....- H--u-wuu._-._-._-“-

n
W

- il
o,

e .H?!!H!F!‘l ey

o
ol

Nov. 12, 2013

Y

-Vl
L~

L
3 _
!v_ a . .
!v“ e e e e e e e e e
:.”. H.HH....H .........”.....
-.mx“ I-.I-_unlnx....._..
._...wM . ...."...".."“.... e e
nos, e s .."".. o
o, e e o
!u_m 4 | llﬂlﬂlll-l !u__v_“
oy “"lanlnnnnnl I-_““"" A
I“u__ 3 llllllllllll I'I'I-. u._..___v_”
:.u_“ 4 IIIIHIIIII .“- r.unv.
M Al lll EE E E I' I' A
!vm . e III-_II"I- r.vmx
.v.. EEEENR "I'!r.v_“
’.v“ Ilﬂ!.llll-l b
:mv_“ 3 Il- lll II IHIIIIIIII I'“& H.u..v
I“! 3 . llllllllllll I-"I' u..!v_”
’“v“ “ x, Il- l.lﬂ!.llll-l ...' ?’.v”
2 .....u..... .._w..”"“..“" e
St P e B e
ST P M
| e .m...."""m"wwwm “.."u...." e
N x A
L e ”.........% %
TR S aaaaaaa
I, .-_""-_ I-.-_-_-_I"""-_-_I"!-.-_-_m”mvm
T

P

U.S. Patent



U.S. Patent Nov. 12, 2013 Sheet 3 of 13

FIG. 3

b b b o b b bk
HHHH?dHHHH"'H"HHH"HHHHH"HHHHH"H"HHH"HHHHH"?d"HHHHH"HHH"?dHHHH"H"HHH"HHHaﬂﬂﬂaﬂnﬂnﬂnﬂnﬂﬂﬂﬂﬂaﬂﬂﬂn x?!
A P, M E M E E | P, E | P, M E M E

L
E N B B N N N R B N N N R B N N NN B B N N N
S ol ol ol A A A M M M A o ol ol Al Al A A N M ol ol ol A A A M M A ol ol Al A A M N N M N
P M N M M N M N NN N N M KN NN NN NN N KN KN N NN NN NN N NN NN KN NN NN

Jxalic ach

1_n
wat ey o
o e " - -
wial S " )
' - Ty
S Ty »
o LR N
A Tty »
'y e -
NN J""J"::-' . -r':*dr x "N onom u-':*:*r'- . u';*:**'
. . R » oA o L
) xHu"aHiuHiu:x"n:iu:a:x:iu:xHiu:nHa"xHiu:x:iu:n:a:x:iu:x:n:u:aHxHn"x"nHx:a:a:n:x:n:a:a:a:n:x:n:u:a:x:x ;
N L T Ao
S o0 L L L L L L L L L
gt
B o ™
PN i i i i i i i i i i i i i i i i i i i A i i i i i
At o L L e
B o

x?d"?dx?d?d?d?ﬂ?ﬂ?dH?ﬂ?dH?ﬂ?d?ﬂ?ﬂ?dHHHHHHHHHHHHHHHHHHHHHHHH x?d"?dx
S o o A A A N N M A A A A A AN N M A A A N M N A A A N N NN Al
) ”a*n"n”a"n*a"nxn"n”a"n*n"axn"a”n"n*n"a*n"a”n"n”a"a”n"n”a"n*a"nﬂ"n”a"ﬂ*ﬂ"ﬂﬂ"ﬂ”ﬂ"ﬂ* A H"?dx?ﬂ
EEE A N B N N NN NN R B N N NN N N N NN RN B N N N R
A A A A A N A N A A A A A A A A A N A A A A A A A A N N A A A A A N N N A A

FEE N N N N N N N B N NN R B N N NN N N N N N
RN RN NN NN NN
?d!H”?dM?l!H”?lH?dH?l”?dM?l!H”?lM?d!?l”?dH?lHH”?lM?d!H”?dH?lH?ﬂx?lH?d!H”?dM?l!?ﬂ”?lH?dH?l”?dM?l!H”HHHHH”HHHHH”HFHEH”HHHHH

dization
- ackd, 404

+ o 'a-";'. Y "a'a
:‘4'1- el T et Sahy
L - Lt R Ul 30
&k L L M L L N |
Lt L) Ll L Ll 3
L AR AR - B M
¥ E Lt 3 Lt E L)
Ll 3 L ) B M 3 B M L
et - Lt R -
L3 L ) B L E - TR
R L) Ll L L)
Ll 3 L) C R - P
& ¥ L g ] r & 4 - B & [t
L3 L ) B B M - TEA
& X L - B 4 LN ] [
Lot L L) B M 3 L E L
Lt L) Ll L L)
L L) AR . - -TE
¥ E L) E % Lt
Ll 3 B M ¥ - L e L
* X L ] - o h [ Y ")
& - . - P
oy ¥ o -":*4’ TR o N T :* ';' - q';*i*r'-
NN N N N N N R e N e
.
. e e e e e e e e e e .
) : x:a:x:n:n:a:x:iu:x:n:x:n:x:n:x"anx"n"nnn:x:n:x:n:x:x .
A e e i i e e e e
e A M N e i i -
iy X e el e e ol e
) e N LM
I I I i e i e
! E X A e e i e e e -

e o v Y o o o e
. . . . . )

VA s X e e o L -
Sl W Ty x T x PG Y
Py - <Ta's - ats ¥ ) I
wath A TaTy PG x o x P VI
o W Tats . ats ¥ ) W
O A TETy »'E x ST x P I
»' Wit Tats . ats .- ) Wit
Ak TEy Ty x oy x PG VI
' I <Ta's - ats ¥ ) -
e A TaTy PG x ST x P Y
' W Tats . ats - ) W
waty A TETy »'E x M x P NI
Py Wit Tats . ats ¥ “Tata .
K Y Ty x oy x PG Y
Py I <Ta's - ats ¥ ) I
wath A TaTy PG x o x P VI
. . . "y . " .

'r:-l-:i 1:1-:4_ :4"1-- :Jr_ :a-:l-‘- :Jr_ :4-:1-*- 1:1-:1._-
Ak TEy . x oy Tt PG VI
'y I - - ats ¥ ) -
K STaty P SO N . AT e Y
?‘-‘l" .,‘ "*. . '**“. - .“**.'. *.J. .,'.**' P .'**.‘. L. ..-"‘*..
) ":*:"Jr'q-'#'#':':*;'#'#'#';*:*:-'#'#'#'#':*t*;'#'#'#"*:":-'q-'a-'a-'q-':‘:*;r':r'#'q-';*:*:-'#'#'a-';-':‘:*-'
e e e e e e e e e e e e e e e e T e e e e
e ,

B NN N BN R N, N B Y
il!HH"iIHHHH"H"HHH"HHHHH"iIHHHH"H"HHH"iIHHHH"iI"HHH"H"HHH"iIHHHH"H"HHH"HHHaﬂﬂﬂaﬂnﬂﬂﬂaﬂnﬂﬂil"ﬂ"ﬂ"ﬂ"
R b b b b b e e e ey
rEEEREREEEEEREEEREEEEEEEEEEEEEEEREEERLREELELERLERLEELEERLELERRELR-BRRE.
EEE N B N N N NN RN N B N N N N N N N B N N N
HHHHHuHxHxHHHxHHHuHxHxHuHxHHHxHxHxHHHxHHHxH!HxHHHxHHHuHxHxHHHxHHHuHxHxxgﬂxxgxxﬂxﬂxxgﬂxﬂgxxﬂx

N

US 8,581,222 B2




US 8,581,222 B2

Sheet 4 of 13

Nov. 12, 2013

U.S. Patent

4

FIG.

drar iy e i [ EEr RN AR EEEEEREE SN NS
H...”...”.._.H...”...”.-.H...”...”...H...”...”.-.H...”...”......... ...th.r.......n.._.H -l-_-l-.l-.l-.l-. lxﬁull ll . ”.-.H_-_.-_ nHHHHHH”HHHHH“HHHHHHH“HHH”
- N xR EM M o a a  a  w
i dp dr e e dp i e e e i e a a ed = ERERIERZXXAXLXLARRA kN N ]
sl el e | i o x
F o P o A P N R 4 X
o A AE N D AT AE D NN AN N N KRR X TR e XX
dp el e e e it e bl ke ik m e O de W [ ol
dr dr dr e e dr e e e i e e i e e ik | X X
- ) [ S Fl N
Jrdp dp e ey e e e el e ke ke ke e kR . X
Lk A i E aE al MRt a ) " - - s e x w
r iy dr e eyl e iy il i e e ey e w e | B X
- S e & - - ol
dr dr dr e e dr e e e e e i iy e i s _ i
L s ) EE i T =
dr dr dr e e el e d il e gk kL a Ak R 4 . . X
N o o E aE E aa  E aE Rtk x - . W T =
A iy dp e ey e Sy iy il i e e ey e R e W . x 2 XX
L ﬁ v M
dr dr dr e e dr e e e i i el i b ke w e e | X
B e e N ) . i e x w
J iy dr e ey e e el e e d e e b e Bk kR q - . xR
W e e a e e i ek e o W ke . vl
iy dp e e iy e Sl iy iyl i e e e e e B el 1 i
N N o N AR ! o
dr dr dr e e dr e e ey i e e ek e b A aa XX
- e ke aa aa aar a a aal a a rar l) L R X
Jr dr dr e e e e e e iyl i ek e bk o Rk R * L
B A o kNN . i
A iy dp e ey e e iy il i e e b eyl e o a e i ;
N N e
dr dr dr e e dp e e e e e b e e de o ow b Ak + o xB
N )
Jr dr dr e ey dr e e iyl ek ke ke o a Ak E ol -
L ok a2 L S e ol
iy e e iyl S ey i e e e a R e e a [
N N N ) .
drir dr e e dp e e el e i e i e e ww  Car di dk » *
L e et e
dr e dr e ey de dp e e dr e ke d ke ke oa ke ik x E ol
e e el et el g
dr dr dr eyl e e e e i e e ow Wi R EERERRRXXEXERXERRRER 1
- e O N ) raErrzeEErE e x x
Jrdr dr e ey de dp e ke d ke e ke ek » gy |
o A
L i P a ll“Iiil ]
K e e e e L L Y, EERREERRRERERRRERERRX XXX XXAR ]
e e et s XA A MK M KON K KA K KN KKK K AN XEERE EXXEXEXREXEXEREAR
......4.....__......4.._..4.._..__.............4..........4.............4.4...4.........4...4&......&;” e  y R XX R R R R
iy dp e iyl iy iy iy
e de R Ay e e & kA k.
dr dr dr e de el e ir ol ek ke b ek
- e
Jrdr dr de oy dr dp & e dr i ek b kA b ]
o S )
H.4H....”.4H.4”....”.4H&H#H#H&H#H&H;H...H&H&”...H»_ ” Ll l" " "l”.."a"nHx”xHxHxHxHxHxHxxr.Hﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl BoaE a"n“n“n“aﬂa“n“n"a“n“a“n_
;
e - FE R X EAR NN (3 x o x a x x  A
Jrdr dr e ey dr e e iy dp e ke ke de ke . _-tuulvlllIVlll-llll L o e
- S N l a al a a ) RN EE R | KX XXX XX
e i dp dp dp dp dp dp dp dp dp dp e O dp i dp b . ow N B & E N
N e A -_-.-_-_I-_I_-_I_ﬁ-_:.q )
drdr e e dedr e i el e ek K ke e EERERRREERERERRERERRER & N N
- S T al a a a A A A x o )
Jr dr e e ey de O e e dr ki ke & b ke O A e w  a a  w x w
W e e a T e e kR b | N N x x N
Jr dr dp dp dp dp dr o dp dp dp dp dp dp dp O dr & ¢ HEERERENZTELNENN®YX X XN EYENENE,
o » LR e
Jr iy dp i e dp dF dp dF i dp dp dp dp dp dr b & r L PL PR B & X X NN RN ENRER
e st L PN o x x x x x x a x x x ,
Jr dr dr e de iy de e iy dp e ek ke s LR o
B o ka3l 2l e [ M X xR
iy dp e e iy iy ey ey dr e AR A N e
N XX XXX XXX KRR
drdr dr e de dp e e ir e e i L
- e a a aa a aa a a a a a aa XXX AR XX
Jrdr dr e de iy de dp ke ke gk ek LN
L ok ek 2 ik E a al XXX R XXX R
iy dp e eyl et Sl e e iy L
- S e xR ER RN
drdp dr e de dp e e il e i i L
e a a aae XXX A XXX
Jr dr dr e de iy dr dp e el i e ke bk b X e
B il ka2l sl XXX XN TR R
iy dp eyl iy i e e e XM N
L XXX R RN
dr dr dr e e dr e e e dr i e e e e L
B kel X R K AR XX
Jr dr dr e e e e eyl i e e ke LN
L e o 2 R X E xRN
iy dp e ey dr e et i e iy e R N NN X A N X
L By xxxxxxxxn
dr dr e de dp e e i el e i I
e e )
Jr dr dr e ey dr e e d dp i e e i ke ) LN
L k] LN
iy dp e ey e ey iy i e i
N LN
drdr dr e e dp e e ir i e e i e N
L e ksl L)
Jr dr dp e de iy dp dp e iy dp e de XXX [ R A W oW A o
P
...H.._.H...”.._.”.._.H...”#”&H*H#”&H&”#”&H*H#”&H-.“. E mr xHxnxHxxxunﬂnuxmnunmx”xﬂx“x”x“ | llHﬂHﬂHﬂHﬁHﬂHﬂHﬂHﬂHﬂHﬂHﬂU
dr dr e e de dp e i el i dr e e e N ]
e e e m )
Jr dr dr ey e dp e e dr e A e d ek » EEE T T ]
L ek N ) » N
iy e e iy i ey e ey LN ) R A X A N W
...”.._.H...”_..”.._.H...”...”_..H...”...”...”...”_..”...H...”...H_..H... ..1“ o ”n R ___nalxnnHxHxH#Hx”x”nnuﬂxfwx”x”. HHHHHHHHHHHHHHHHHHHHHHL
Jr dr & dr &y dp e ek ek d e ke ke e s r Ak a Mk BB lnxxnﬁlnnnn.nn.nn# X
o o A N IR S N e EEEE. nihnux-__ln-__ N
iy dp e ey dr e iyl i e iy e * | u o x o a w wa w w
o e N T )
dr dr e & dr e e i e i i e FERRERRZXER X X A X A A
e e e al aa a  aala EITEREEERX XX )
Jr dr dr e ey dr e e iyl i e e b ek N
Ll ExX XXX XXX xRN
3 iy dp e eyl iy iyl e e b XA A X A N
N xR X E XXX XXX
dr dr dr e e dr e e e i i e e N
- e ke LN )
drdp dr e ey de de & el i e de i ke & N
- T ke LN
iy dp ey sy el e e e ek AR N
N N LN
X dr e de dr ey i e i e bk A A
L e e N )
Jr dr dr e de oy e e e i i e e bk N
- o 3 M el LN
iy dr e e iy iy i ey i e ek AR X A
N A Mok R E N AR RN
’ H.4”.._.”.4H.4”...”.4H.4”...”4H4”...”4H4”...H4H H ”. .1...._, Pty R R A HHHHHHHHHHHHHHHHHHHHHHH_
A A N N AL AL E NN e 2 A AEDERCIE A EEEFEEFEEEFENEEEEEEENE ) nannxnnaxnannaanannannan_
- N B
dr dr dr e de dr e e el e de b K ok oa N
O dr f i o dr oF dp F dr o dp O dp b dr b r & & Jr L X X X XXX XENEEXERN
iy dr e ey dr dp e e d e ke i de ke ke kR EaE e
L kN XXX XX XXX
pdp dr e ey e iy iy e e d e ke e bR L o x x a  a a
o N A RN ) Exxxxxaxxnan
dr dp dr e e dp e e el e i i b d r ow R R MR E N X
L N e a  a a a  ar a EE aa | v v v ou N a a
iy dr e ey e e el e ke b ke ke w ke Rk 4 [ R A e e
R WX XX
A iy dp e eyl S iy iy il i e e ey d o a dpdpdr ] R X
- S PR L R R
drir dr e ey e e el e e i e e w e ae R i
dp i iy e e e e a ol e m o a e LR E T
Jr dr dr e ey e e e el ek e b d e e a A i kA
- S NN
A iy dp e eyl ey il i e e ek e o A a
N )
dr dr dr e e dr e e e dr i e e ke b ke k woa dr
- e a  aE aa
Jrdr dp e ey e eyl e ke e ik e w kR ]
e A N r N M) r
r iy dp e ey e ey dp i e e ey kb w A a ke |
N  E  aE  a )
dr dr dr e e dr e e e iy i e e e ek e i e i ]
e e s a  a al  N a a a x
Jrdr dr e ey e e el e e d e ek e a WA Rk ]
L A okl U WEREEE ak a ak aa a) E K
iy dp e e iy iy iy iy Sl eyl ey L m a Rare ap dd .
N A e e al " r
dr_dr e e e e e il i e e e ek w a a e e x|
e e e a N aa a x X
Jrdr dp e ey e e eyl e ke e e ke d e R |
o NN ) x X
p iy dp by iy dr e iyl i e ey d e e X
L o A o R N ) )
dpdp dr e e dp b e i e e e ik b i el X
N TR ) 2,
Jr dp dr e ey e e e ip i e e bk i w b d ik XX
L o e e n
iy dp e ey e iyl i b ey dp e e e XX
- N N N AR e ) xR
- l..-_l..-.l..-_l..-_l..-.....-_....-_l..-.l..-_l..-.l..-.l..-.l..-..-..-.l..-.....-.l..-.l...n._ a" .r.._ .r.;..-_....-.l.l_l.-_lll Il. Xy

=

¥

pper

1

»]

.

N

FY:

NN

uanaa:
e .
;
& & - . L l“
L ] - i
L) B o
X ! P
* T v x
- S x x
L) h . Hﬂ.
“r.Hn P . .4H._..
2 o RPN, X
¥ . "
. ' o = x
b ; S
o o S
.ri.._. ' . ol X,
L ' o .xxnn.
N nxn_
P ®
F
i
.__H..
L
x

F3

ol

" -I‘. o
AR

L ]

.?E?'L R

»

X AL ]
i X

L

-I‘_._l‘ -I' L NG

»



U.S. Patent

I R R R T T R T R T T T T R R P R P T T T P T P T R R R T R T R R P P P T T T e P R T T P P P P T P P P P P T T P N T P T P P P B P P P P P P P

Nov. 12, 2013

(The upper =nd viaw)

A RBER

Sheet So0f 13

FiG, ¢

?-"-"-'
St
e

e

"
"a"a"s

St
"uaa

apa
g

-

s
e

o
l‘_-i'
L

a

r

e e e e e e e o
e
|| || ||
e e
mpmm e e e e e e e e e e
S S =
. s

L

T .l'h'h.l'h.l.h'h.l.. u
2

o=

e

g wietetete e e
R

e e e
R e

)

| |
SRR
Shi

s

e .haa:h.h.h.h'h.h'h.h.h.h'h.h'h.h.h.h'h.h'h
s i

o
.

*
k kb k&

SR

XN
i
X, HERHIEH.

k]

X,
- |

X,
- |

A
]
IHH.I i

A
k4

e i 2,
L . ]
&l

o

A

F
i ]
]

Hd
L/
o
H
x
.
FY
x
o
H

X

)
M|
L
)
k.
k.
-
!

F
L

Moo AN
X,

F
e i ]

ol N N A N N N N N N N NN

xlilxlxlxﬂx'!xlxlxl ‘lxl 1‘! L 2

A L !
R
g
N
F
a_E A
]
H
k]

|
>

A
-

ixxlﬂi!lﬂi!li'!'!'!i!'!i:!'!i'!!'!'!!ﬂ

X

A
-]

L | .H.." . |

|

Eir | | Al
|

- i!x'!x
i

A
-]

X
-
X
H

A
]
H
H

A
-]

AR
]
IR RN EE SRR EEEESEEREEEE]
L
]

A
-]

I e e

A

H

-
o X A A

L L &

L R o e e e e T e T e o T T T e T e NN NN NN NN S N L N N N N N N N S N N O S O O O O SO S S N N N

|
M_N
M_A
b |
HH:H’HII
Eg e

|
™A
|

IIIHIIIIII
HHHHHHH‘H‘H‘H‘HHHHHH

o
XN KKK KN

|
IHII
X M X 7

R ey
xRN AN
..-H:H:I-IHHHIHHH

XN
b i i,
¥

e i
W

o
o

L

A
MM A

o,
k|
H‘H

L)
P S

ML MM M A
L MR N RN

XN

F

P

X

M M M M M
N
XA K N H"H

T oo
i
|

k]
M H!I o N

»
L)
X x
r ¥
p_J

L ]
»

i

US 8,581,222 B2

»
PR R R R KK
S N N

X ]
g
X,

l“i"#*l | ]

N
HHIHHIIHEIIHIIHIH

W

|

i, |

III.IIIHHH'!'!'IHHHHHIII
X

LN A AR

L L W

- |
N
'!x'!x:!

o
b ]
b
H

H
k]
X
- |

N N
K N N N

|
o,
X

o

3

I.I-I.

e
e

e




U.S. Patent Nov. 12, 2013 Sheet 6 of 13 US 8,581,222 B2

FIG. 6
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FIG. Y
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PHASE CHANGE MEMORY DEVICE
COMPRISING BISMUTH-TELLURIUM
NANOWIRES

This application claims the benefit of Korean Patent Appli-
cation No. 10-2010-0078800, filed on Aug. 16, 2010, which s

hereby incorporated by reference for all purposes as if fully
set forth herein.

FIELD OF THE INVENTION

The present mvention relates to a phase change memory
device comprising bismuth-tellurium nanowires, and more
specifically, a phase change memory device comprising bis-
muth-tellurium nanowires which may be used 1n the phase
change memory device by preparing bismuth-tellurium
nanowires having a PRAM (Phase Change Random Access
Memory) characteristic using a porous nano template without
any high temperature process, and indentifying memory
switching by means of the phase change characteristic of said
Nanowires.

BACKGROUND OF THE INVENTION

Binary information 1s recorded, deleted and deciphered in
memories using change of physical properties 1n electrical,
magnetic, optical characteristics, and the like, of matenals.
Among such memories, a PRAM (Phase change Random
Access Memory) to be in the limelight as the upcoming
nonvolatile memory 1s a memory that information 1s
recorded, deleted and deciphered using change in optical and
clectrical characteristics of materials according to the phase
change. An optical memory utilizes reflectance to be different
on changing a material state with a laser, while a phase change
memory utilizes change of electrical conductance (specific
resistance) on changing 1t with electrical signals. That 1s,
when a material 1s 1n an amorphous phase, 1t has very high
specific resistance. When 1t 1s 1n a crystalline phase that atoms
are regularly arranged, 1t has low specific resistance. Then,
binary mformation may be stored, deleted and deciphered
using a different electrical conductance according to such a
state.

When upper and bottom metal electrodes are linked to a
power circuit, following applying voltage, current 1s carried
through a part that a phase change material 1s 1n contact with
the electrodes, wherein Joule’s heat 1s generated at the contact
areas according to Joule’s law. As the electrical conductance
(specific resistance) 1s changed on changing the matenal state
by Joule’s heat, a crystalline phase material and an amor-
phous material may be switched into an amorphous phase
material and a crystalline phase material, respectively, using,
clectrical signals. Since the resulting two phases are very
stable, they are not erased even though power of the device 1s
olf, so that they may be used as nonvolatile memories.

In other words, recording of information (SET) refers to
changing the matenial state from an amorphous phase (off
state) to a crystalline phase (on state), for which long low
current pulses are provided for an amorphous phase material
(FIG. 1a). On the contrary, if short high current pulses are
provided for a crystalline material being 1n on state to delete
information (RESET), the crystalline phase 1s changed into
the amorphous phase to be 1n off state (FIG. 15).

Such a phase change memory has a simple structure com-
pared with other nonvolatile memories and a benefit that an
input-output speed 1s fast. It has been developed as a device
having a thin film form based on GST (Ge, Sb, Te) being

chalcogenides so far, and also researched for materials by
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2

means of doping elements such as Se and Bi. Recently, a
variety of trials are carried out by realizing a PR AM or form-
ing a thin film with nanowires prepared by high temperature
processes such as CVD. However, 1n such processes, there are
disadvantages that composition ratios in said elements are not
casily controlled and they have complicated preparation pro-
cesses and high production costs per unit.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s devised to improve the prior art
problems and intended to provide a phase change memory
device prepared by electrolytically depositing bismuth-tellu-
rium nanowires having a phase change characteristic 1n a
porous nano template without any high temperature process,
and a method of preparing the same.
To achieve said object, the present invention provides a
phase change memory device comprising a substrate; and at
least one Bi, Te,, (x/y<1) nanowire formed on said substrate.
The present invention also provides a method of preparing,
the present phase change memory device comprising steps of
immersing a template formed on a substrate and having at
least one pore in an electrolyte containing a bismuth
precursor and a tellurium precursor; and

electrolytically depositing Bi Te , (x/y<1) nanowires in the
pores of said template by applied voltage.

The present invention also provides a method of deleting
information in the present phase change memory device com-
prising a step ol applying voltage pulses o1 7 to 8 V and 30 to
50 ns to at least one Bi Te, (x/y<1) nanowire formed on a
substrate.

The present invention also provides a method of recording,
information in the present phase change memory device com-
prising a step of applying voltage pulses of 1 to 2V and 90 to
110 ns to at least one Bi, Te, (x/y<1) nanowire tormed on a
substrate.

The present mvention also provides an electronic device
comprising a phase change memory device according to the
present invention.

In addition to benefits that bismuth-tellurium 1s electrolyti-
cally deposited 1n a porous template to prepare nanowires
having a PRAM characteristic without any high temperature
process, easy and prompt production may be possible due to
no high temperature process and the unit cost of production
may decrease, the present invention has advantages that low

programming current may be expected, since nanowires have
low cell volume for the melting point to be reduced and a
thermal interference which can be generated on being scaled
down, may be 1nhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents characteristics of pulses applied for
forming a crystalline condition and an amorphous condition
in a phase change memory.

FIG. 2 depicts a schematic view of procedures for prepar-
ing a phase change memory device according to the present
invention.

FIG. 3 depicts a schematic view of procedures for an anod-
1zation experiment.

FIG. 4 1s top and side electron micrographs of an anodic
aluminum oxide (AAQO) template 1n a phase change memory
device according to the present invention.

FIG. 5 1s top and side electron micrographs of a Bi,Te,
nanowire array according to the present invention.
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FIG. 6 depicts a schematic view of an electrolytic polishing
experimental apparatus for triode electrochemical deposition
according to one aspect of the present invention.

FIG. 7 represents an X-ray diffraction pattern of the Bi1, Te,
nanowire according to the present mnvention.

FIG. 8 1s transmission electron micrographs of the Bi1,Te,
nanowires fully separated from the AAO template according,
to the present invention, wherein (a) represents check and
diffraction patterns of the Bi,le; nanowires 1n a crystalline
phase and (b) represents the amorphous phase boundary of
the Bi1,Te, nanowires by phase change.

FIG. 9 represents resistance change characteristics of the
B1, Te, nanowire device of the present invention depending on
temperature, wherein direction of the arrows represents that
ol resistance change depending on temperature change.

FIG. 10 represents resistance change characteristics of the
Bi,Te, nanowire device of the present invention, wherein (a)
1s FESEM 1mages of individual nanowire devices, (b) repre-
sents resistance change characteristics of the nanowire in the
initial amorphous phase depending on the applied voltage,
and (c)) represents resistance change characteristics of the
Bi,Te, nanowire device i a condition phase-changed by
applying voltage thereto.

FIG. 11 represents resistance change characteristics of the
Bi,Te, nanowire array device of the present invention
depending on the repeated electric pulses.

FIG. 12 represents phase change characteristics of the
B1,Te, nanowires of the present invention depending a com-
position ratio.

FIG. 13 depicts a schematic view of a phase change
memory device deposited with the bismuth-tellurium nanow-
ires of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The constitution of the present invention 1s specifically
explained below.

The present mvention relates to a phase change memory
device comprising a substrate; and atleast one Bi Te, (x/y<1)
nanowire formed on said substrate.

The present phase change memory device may comprise
one pair of electrodes to which voltage 1s applied. Preferably,
said electrode may be a metal electrode.

In addition, said nanowire may be formed 1n pores of a
template positioned on a substrate.

Said template may have at least one pore. Preferably, it may
be anodic aluminum oxide (AAQO).

Said B, Te , (x/y<1) nanowire, wherein x 1s 2 and y 1s 3, 1s
preferred.

Said nanowire 1s 1n an amorphous phaseon applying volt-
age pulses (AP) of 7 to 8 V and 30 to 50 ns and changed to a
crystalline phaseon applying voltage pulses (CP)of 1to 2V
and 90 to 110 ns, so that 1t 1s characterized by having a PRAM
(phase change random access memory) characteristic which
represents phase change depending on the applied voltage
pulse amplitude and time.

According to one embodiment of the present ivention,
said nanowire shows a tendency that 1ts resistance value 1s
slightly reduced, on increasing temperature, because the
nanowire 1s 1n a crystalline phase. The resistance value rap-
1dly increases at about 231° C., but 1t remains 1n high resis-
tance condition, even if the temperature again decreases.
Here, since the resistance increases at the same time as the
phase change occurs from the crystalline phase to the amor-
phous phase, 1t can be noted that such resistance increase
results from the phase change of the nanowire.
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According to other embodiment of the present invention,
the phase change memory controls the electrical conductance
(specific resistance) by applying electric pulses and generat-
ing Joule’s heat at the contact area to change the material
phase. If voltage pulses (AP) o1 7.5V and 40 ns are applied to
said nanowire being the initial crystalline phase, the nanowire
1s changed to the amorphous phase having high resistance. If
voltage pulses (CP) of 1.5V and 100 ns are applied thereto, 1t
1s changed to the crystalline phase having low resistance. This
change 1s reproducible. It 1s proved from such PRAM char-
acteristics of the nanowire that said nanowire may be applied
to a phase change memory device.

Said nanowire, a diameter of which 1s 10 nm to 200 nm,
may be used.

In addition, said substrate may include silicon, a flexible
polyimide film, or a polyester film, and the like, which 1s not
particularly limited thereto.

The present invention also relates to a method of preparing
a phase change memory device according to the present
invention comprising steps of

immersing a template formed on a substrate and having at
least one pore 1n an electrolyte containing a bismuth
precursor and a tellurium precursor; and

electrolytically depositing Bi 'Te , (x/y<1) nanowires in the
pores of said template by applied voltage.

The method of preparing a phase change memory device of
the present invention 1s characterized in that the nanowire
having a PRAM characteristic 1s prepared without any high
temperature process by electrodepositing bismuth-tellurtum
in pores of the porous nano template. There are advantages
that easy and prompt production may be possible due to no
high temperature process and the unit cost of production may
be lowered. In addition, there are advantages that low pro-
gramming current may be expected, since nanowires have
low cell volume for the melting point to be reduced and a
thermal interference which can be generated on being scaled
down, may be inhibited.

With reference to FIG. 2, the method of preparing a phase
change memory device of the present invention 1s particularly
explained step by step below.

The first step 1s a step of preparing a porous template on s
substrate and immersing said template in an electrolyte con-
taining a bismuth precursor and a tellurium precursor (FIG.
2a-d).

Said porous template may be one having at least one pore.
More preferably, 1t may be anodic aluminum oxide (AAQO).

When anodic aluminum oxide (AAQO) i1s used as said
porous template, general technology may be used as proce-
dures for forming said template on a substrate, without being
particularly limited. According to one embodiment, it may
comprise the following steps:

a first step of depositing on a substrate a metal electrode,
such Au and Pt, to be used as a bottom electrode (FIG.
2a);

a second step of patterning Al on the electrode by means of
a lithography method and a lift-oif method, followed by
deposition (FIG. 2b); and

a third step of passivating the other part with a resist, such
that only a part to form AAO can be exposed to an
clectrolyte solution, followed by anodization (FIGS. 2¢
and d).

With reference to FIG. 3, said anodization method of Al 1s

explained below (FI1G. 2¢, d).

Al 1s anodized by using an acid solution as an electrolyte
for anodization and applying voltage (FI1G. 3a, b).

When the AAO layer formed after carrying out the first
anodization 1s melted 1n an acid solution such as a mixed




US 8,581,222 B2

S

solution of chromic acid (H,CrO,) and phosphoric acid
(H,PO,), all the formed AAO layer 1s removed to form a
porous structure (pore) on the remaining Al layer (FIG. 3¢).

The second anodization 1s carried out using said porous
structure as a guide, until current between the Al electrode
and the carbon electrode 1s to 0 (FIG. 34).

After anodization, an alumina (AAQO) barrier 1s formed at
the end of AAO and subsequently, removed by means of a
method of immersing an AAO template prepared at room
temperature in an acid solution for 30 to 40 minutes (FI1G. 3e).

The anodic aluminum oxide template prepared through the
above steps may have a pore size of 50 to 200 nm and a
thickness of 50 to 800 nm.

One or two or more of Bi(NO,),5H,0O, BINBO,, B1,VO.,
or BiMe,(Me,NCH,Ph), and the like, may be used as said
bismuth precursor.

One or two or more of TeO,, CdTe, CdZnTe, or HgCdTe,
and the like, may be used as said tellurium precursor.

Preferably, said bismuth precursor and tellurium precursor
are mixed such that a composition ratio (Bi,Te,) of bismuth
and tellurium 1s x/y<1 and more specifically, 2:3, but on
departing from the above range, the nanowire shows no char-
acteristic of phase change memory.

In the method of preparing a phase change memory device
of the present invention, the second step 1s a step of applying
voltage to a mixed solution of the template and the electro-
lytes to electrolytically deposit the bismuth-tellurtum nanow-
ire 1n a pore of the template (FIG. 2e).

Said voltage 1s —0.5 to 1 V such that electrolytic deposition
of the nanowire 1s homogeneously carried out. More specifi-
cally, the voltage 1s preferably -0.1 to 0 V, wherein about
—-0.01 V may be used.

Triode electrochemical deposition may be used as said
clectrolytic deposition, without being particularly limited
thereto.

The bismuth-tellurium nanowire prepared through the
above steps may be a Bi, Te,, (x/y<1) nanowire. More specifi-
cally, 1t may be Bi,Te,,.

In the method of preparing a phase change memory device
of the present mvention, the third step 1s a step of preparing a
metal electrode, for example, Pt having a nano size, for
example, 30 to 60 nm to be used as a top electrode by a DC
sputter (FIG. 2f).

In addition, the method of preparing a phase change
memory device ol the present invention may further comprise
a step of immersing the template electrolytically deposited
with a bismuth-tellurtum nanowire in a basic solution and
dissolving said template.

Said basic solution may be NaOH or KOH, without being
particularly limited thereto.

The step to dissolve said template may be carried out by
repeating several times a process of immersing a porous tem-
plate deposited with nanowires 1n a basic solution, centrifug-
ing and washing a pellet with distilled water, without being
particularly limited thereto.

The present invention also relates to a method of deleting,
information in a phase change memory device of the present
invention comprising a step of applying voltage pulses of 7 to
8 V and 30 to 50 ns to at least one Bi Te, (x/y<1) nanowire
formed on a substrate.

When voltage pulses o1 7 to 8 V and 30 to 50 ns are applied
to the present bismuth-tellurium nanowires in a phase change
memory device of the present invention, mformation in the
phase change memory device may be deleted by changing the
memory to an amorphous phase having high resistance.

The present invention also relates to a method of recording,
information 1n a phase change memory device of the present
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6

invention comprising a step of applying voltage pulses of 1 to
2V and 90 to 110 ns to at least one Bi_ Te, (x/y<1) nanowire

formed on a substrate.

When voltage pulsesof 1to 2V and 90 to 110 ns are applied
to the present bismuth-tellurium nanowires 1n a phase change
memory device of the present invention, mformation in the
phase change memory device may be recorded by changing
the memory to a crystalline phase having low resistance.

The present invention also relates to an electronic appara-
tus comprising a phase change memory device according to
the present invention.

In addition to benefits that bismuth-tellurium 1s electrolyti-
cally deposited 1n a porous template to prepare nanowires
having a PRAM characteristic without any high temperature
process, easy and prompt production may be possible due to
no high temperature process and the unit cost of production
may decrease, the present invention has advantages that low
programming current may be expected, since nanowires have
low cell volume for the melting point to be reduced and a
thermal interference which can be generated on being scaled
down, may be ihibited, so that 1t may be applied to electronic
apparatuses, such as computers; potable personal terminals
such as PMP (Portable Multimedia Player), UMPC (Ultra-
mobile PC), smart-phone and mini-notebook; and optical
storage information apparatuses such as CD-RW (Compact
Disc-Rewritable) and DVD (Digital Video Disc).

Heremaftter, the present invention i1s explained in more
detail via examples according to the present invention, but the
scope of the present invention 1s notrestricted to the following
examples.

EXAMPLES

Example 1
Preparation of Phase Change Memory Device

With reference to a schematic view of FIG. 2, a process of
preparing a phase change memory device 1s explained below.

First, a metal electrode to be used as a bottom electrode,
such as Au and Pt, was deposited on a silicon substrate (FIG.
2a).

On the electrode, Al with a thickness of about 1 um was
patterned by means of a lithography method and a lift-off
method, and then deposited (FI1G. 256).

Then, the other part was passivated with a resist, such that
only a part to form AAO can be exposed to an electrolyte
solution, followed by anodization (FIG. 2¢, d).

With reference to FIG. 3, the method of anodizing Al 1s
amplified below (FI1G. 2¢, d).

Oxalic acid (C,H,0O,, 0.3 M) was used as an electrolyte for
anodization, wherein the temperature was maintained at 15°
C. and a voltage of 40 V was applied.

First, when the AAO layer formed after carrying out the

first anodization for about 2 minutes was dissolved 1n a mixed
solution of 1.8% by weight of chromic acid (H,CrO,) and 6%

by weight of phosphoric acid (H,PO,)) at 60° C. for about 10
minutes, all the formed AAQO layer was removed to form a
porous structure (pore) on the remaining Al layer.

The second anodization was carried out using such porous
structure as a guide, until current between the Al electrode
and the carbon electrode was to O.

After anodization, an alumina (AAQ) barrier was formed at
the end of AAO and subsequently, removed by means of a
method of immersing an AAO template prepared at room
temperature 1n 6% by weight of phosphoric acid solution at

30° C. for 30 minutes (FIG. 3e).
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FIG. 4 1s electron micrographs showing top and side
appearance of the AAO template prepared via the above

method.

Then, to electrolytically deposit the B1, Te, nanowire, AAO
was immersed 1n an electrolyte that 0.01M Bi(NO,),5H,0O
and 0.01M TeO,, were dissolved in 1M HNO, and a voltage of
—-0.01 V was applied thereto (FIG. 2¢). In this experiment, a
triode electrochemical deposition method was used (FIG. 6).

Next, Pt to be used as a top electrode was prepared as an
clectrode having about 50 nm by a DC sputter (FIG. 2/f).

Here, to remove the AAO template deposited with the
Bi,Te, nanowires in pores, the NaOH solution including the
AAQO template deposited with the nanowires was centrifuged
at a speed of 4900 rpm for 15 minutes. The supernatant fluid
was removed from the centrifuged solution, followed by fill-
ing the remaining part with distilled water, and the resulting
solution was again centrifuged at a speed of 4900 rpm for 15
minutes, followed by removing the supernatant fluid and
filling with distilled water. Such procedures were carried out
two or more times. Finally, after carrying out two or more
times, the supernatant fluid was removed and filled with
99.95% ethanol.

FIG. 5 1s electron micrographs showing that the nanowires
are electrolytically deposited 1n top and side surfaces of the
AAQ template prepared via the above method.

Experimental Example 1
Investigation of Bi1,Te; Characteristics

FIG. 7 being a result of measuring X-ray diffraction of
Bi1,Te, prepared in the above example 1 represented a poly-
crystalline structure, wherein a main peak 1n a direction (110)
and peaks 1n other directions are present.

In addition, as a result of observation for microstructures
using a transmission electron microscope, the dif:

{raction pat-
terns (inside of FIG. 8(a)) were 1dentical to the results of
measuring X-ray diffraction as well as the crystalline struc-
ture was observed as shown in FIG. 8(a).

The phase of B1,Te, nanowires was changed depending on
temperature, and thus, for identifying change of resistance
value, temperature dependency of resistance was measured.

As shown 1n FIG. 9, as temperature increased, the resis-
tance value was slightly reduced, because the initial phase
nanowires were a crystalline phase. However, the resistance
value rapidly increased at about 231° C., and the condition of
high resistance was maintained, even though the temperature
was again reduced.

FIG. 8(b) 1s a TEM 1mage measured aiter the temperature
dependency of resistance was measured.

The change of phase from a crystalline phase to an amor-
phous phase occurred, and thus, 1t could be seen that the
increase of resistance results from the phase change of the
B1,Te, nanowires.

FIG. 10{(a) 1s a FESEM 1mage of individual nanowire
device. The electrode was prepared with platinum, and for
inhibiting oxidation, a protective film was prepared on the
nanowires with silicon oxide.

In FI1G. 10(5), when the nanowires were 1n a high resistance
condition, their resistance was reduced, with changing from
the amorphous phase to the crystalline phase at about 0.5 V.,
Such a phase change was reproducible as shown in FIG.
10(c).

The phase change memory controls the electrical conduc-
tance (specific resistance) by applying electric pulses and
generating Joule’s heat at the contact area to change the
material phase.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 11 1s a characteristic of the memory measured by
repeatedly applying voltage pulses (AP) of 7.5 V and 40 ns
and voltage pulses (CP) of 1.5V and 100 ns to a material
having the initial crystalline phase. If the AP was applied
thereto, the material was changed to an amorphous phase
having high resistance. If the CP was applied thereto, 1t was
changed to a crystalline phase having low resistance. This
result showed that the B1,Te, nanowires can be applied as a
phase change memory device.

In addition, FIG. 12 1s a result of examining phase change
characteristics of the present nanowires by varying i1ts com-

position, wherein B1(NO,),5H,O and TeO, are mixed in a
ratio of a) 0.01M:0.01M (B1,Te;), b) 0.01M:0.02M(Bi1,Te),
¢) 0.02M:0.01M (Bi Te,), and d) 0.01M:0.005M (Bi,Te,).

As shown 1n FIG. 12, a phase change characteristic, the

composition of which bismuth and tellurium 1s 2:3, was rep-
resented (FIG. 12q).

The bismuth-tellurtum nanowires of the present invention
have a PR AM characteristic, so that it may be used for a phase
change memory device.

The mnvention claimed 1s:
1. A phase change memory device comprising a substrate;
and at least one Bi1,Te, nanowire formed on said substrate,
wherein the nanowire has a PRAM (Phase change Random
Access Memory) characteristic representing an amor-
phous phase (AP) on applying voltage pulses of 7to 8V
and 30 to 50 ns and a crystalline phase (CP) on applying
voltage pulses of 1 to 2 V and 90 to 110 ns.
2. The phase change memory device according to claim 1,
wherein 1t comprises one pair of electrodes applying voltage
to said nanowires.
3. The phase change memory device according to claim 2,
wherein said electrode 1s a metal electrode.
4. The phase change memory device according to claim 1,
wherein said nanowire 1s formed 1n a pore of a template
positioned on a substrate.
5. The phase change memory device according to claim 4,
wherein said template 1s anodic aluminum oxide (AAQO).
6. The phase change memory device according to claim 1,
wherein the nanowire has a diameter of 10 to 200 nm.
7. The phase change memory device according to claim 1,
wherein the substrate 1s silicon, a flexible polyimide film or a
polyester film.
8. A method of preparing a phase change memory device of
claim 1 comprising steps of
immersing a template formed on a substrate and having at
least one pore 1n an electrolyte containing a bismuth
precursor and a tellurium precursor; and

electrolytically depositing Bi Te, (X/y<l1) nanowires in
the pores of said template by applied voltage.

9. The method of preparing a phase change memory device
according to claim 8, wherein the template 1s anodic alumi-
num oxide (AAQO).

10. The method of preparing a phase change memory
device according to claim 9, wherein the anodic aluminum
oxide template has a pore size of 10 to 200 nm and a thickness
of 50 nm to 800 nm.

11. The method of preparing a phase change memory
device according to claim 8, wherein the bismuth precursor 1s
one or more selected from the group consisting of Bi(NO;),
SH,O, BiINBO,, B1,VO, and BiMe,(Me,NCH,Ph).

12. The method of preparing a phase change memory
device according to claim 8, wherein the tellurium precursor
1s one or more selected from the group consisting of TeO,,

CdTe, CdZnTe and HgCdTe.
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13. The method of preparing a phase change memory

device according to claim 8, wherein the voltage applied 1n

the step of electrolytically depositing 1s a size o1 -0.5t0 1V,
14. The method of preparing a phase change memory

device according to claim 8, further comprising a step of 5

immersing a template electrolytically deposited with nanow-
ires 1in a basic solution to dissolve said template.

15. The method of preparing a phase change memory
device according to claim 14, wherein the basic solution 1s
NaOH or KOH.

16. A method of deleting information in a phase change
memory device of claim 1 comprising a step of applying
voltage pulses 01 710 8 V and 30to 50 ns to at least one B1, Te,
(x/y<1) nanowire formed on a substrate.

17. A method of recording information in a phase change
memory device of claim 1 comprising a step ol applying
voltage pulses of 1 to 2 V and 90 to 110 ns to at least one
Bi, Te, (x/y<1) nanowire formed on a substrate.

18. An electronic apparatus comprising a phase change
memory device of claim 1.
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